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Abstract

Radiology is rapidly evolving from a service that produces images into a data-centric clinical platform that supports preven-
tion, early diagnosis, and personalized care. This shift is accelerated by the convergence of digital health, artificial intelligence
(AD), and quantitative imaging approaches such as radiomics. However, the clinical impact of these innovations depends
less on algorithms alone and more on robust digital infrastructures and true interoperability across radiological, clinical,
and—when available—molecular data. In practice, many implementations fail because data remain fragmented across het-
erogeneous systems, metadata are incomplete, workflows are not harmonized, and governance frameworks are insufficient to
ensure quality, privacy, and accountability. This paper focuses on the radiology-centric requirements for interoperable data
ecosystems, covering technical and semantic standards (e.g., DICOM, HL7 FHIR, IHE profiles, controlled terminologies),
data governance and quality programs, and Al integration into real-world radiology workflows. Common practical barri-
ers, including legacy IT debt, semantic inconsistencies, model drift, bias, medico-legal uncertainty, and hidden operational
costs, are discussed. Last, pragmatic recommendations to enable scalable, secure, and clinically useful interoperability are
proposed—supporting prevention pathways and the responsible deployment of Al and radiomics at institutional and network
levels.
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Introduction: radiology
as a prevention-grade data platform

Modern prevention starts depending on data that are longi-
tudinal, comparable, and actionable. Radiology is located in
the very center of this transformation. Imaging contributes to
screening, risk stratification, early detection, and follow-up
and increasingly produces quantitative outputs (measure-
ments, volumetry, densities, scores, and radiomics signa-
tures). Yet the value of imaging data is often constrained
by how it is stored, labeled, shared, and interpreted across
systems.
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In most institutions, imaging is still treated primarily
as visual content, managed in picture archive and commu-
nication systems (PACS) that were designed for retrieval
and display rather than for computable reuse. Meanwhile,
prevention-oriented care requires that imaging data can be
linked to clinical context (indication, symptoms, laboratory
values, therapies), outcomes (follow-up imaging, pathol-
ogy, adverse events), and—where available—molecular or
genomic features. This cannot be achieved without interop-
erable infrastructures that ensure data integrity, semantics,
and governance.

Crucially, the success of Al and radiomics is not deter-
mined only by model performance in controlled settings,
but by the reliability of data flows and the “fit” of these
tools within daily workflow. If Al output arrives late, in a
separate portal, with unclear meaning or poor traceability,
it becomes an additional burden rather than a clinical tool.
Therefore, infrastructures and interoperability are not sup-
porting details; they are the primary determinants of real-
world impact.
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Prevention-oriented workflows impose additional con-
straints that amplify interoperability gaps: They often oper-
ate in low-prevalence settings where small changes in speci-
ficity can generate substantial downstream burden, while
small decreases in sensitivity may delay diagnosis. Preven-
tion also depends on longitudinal decisions (interval change
and follow-up adherence) over years, making protocol and
metadata consistency essential. Finally, many prevention
programs scale across sites, increasing the need for organi-
zational interoperability, governance, and auditable tracking
of recommendations and outcomes.

This manuscript is a practical position paper intended
to provide a radiology-centric framework and actionable
recommendations for interoperable digital infrastructures
supporting prevention-oriented workflows. Recommenda-
tions were developed through a targeted narrative litera-
ture search covering interoperability standards and profiles
(DICOM/DICOMweb, HL7 FHIR, IHE), controlled ter-
minologies and structured reporting, Al reporting/deploy-
ment guidance (including post-deployment monitoring),
and radiomics reproducibility/standardization frameworks,
combined with the authors’ expert synthesis of recurrent
implementation failure modes and feasible mitigations. No
formal Delphi process or systematic evidence grading was
performed; accordingly, statements should be interpreted
as pragmatic best practices rather than graded guideline
recommendations.

What interoperability means in radiology:
three complementary domains

Interoperability in healthcare is often discussed as simple
connectivity. However, in radiology, it concerns three dif-
ferent domains:

Technical interoperability

Systems must exchange information reliably through well-
defined standards and interfaces. In radiology, this includes
image and metadata exchange and the linkage between
ordering, scheduling, acquisition, storage, reporting, and
distribution. DICOM provides the foundational standard
for medical images and related information, ensuring that
imaging objects can be shared with the fidelity needed for
clinical use [1].

Practical limitation: Institutions frequently experience
“interoperability by export,” relying on ad hoc formats (e.g.,
PDFs, manual downloads and uploads, proprietary viewers).
This creates fragile workflows, delays, and downstream data
loss and the impossibility of quickly integrating external
platforms. Mitigation/impact: Prioritize standard interfaces
(DICOM plus DICOMweb where available) and enterprise
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ingestion workflows with metadata preservation; if unad-
dressed, the impact is high in prevention due to scale and
longitudinal follow-up needs.

Semantic interoperability

Even when systems can exchange data, their meaning must
be consistent. For radiology, semantics include standardized
procedure naming, consistent anatomical/pathological labe-
ling, uniform metadata capture, and computable reporting
elements. Controlled vocabularies (e.g., RadLex, SNOMED
CT) and structured reporting frameworks enable comparable
datasets and improve downstream analytics [2, 3].

Practical limitation: Semantic misalignment is the most
common hidden failure mode. “The data move, but they can-
not be compared/understood.” This is particularly damaging
for radiomics and AI, where subtle differences in acquisi-
tion or labeling can compromise reproducibility. Mitigation/
impact: Define a minimum semantic rule set (laterality, anat-
omy, indication), bind to controlled terminologies, and run
periodic semantic audits; if unaddressed, the impact is high
for longitudinal tracking, Al generalization, and radiomics
reproducibility.

Organizational interoperability

Workflow roles, responsibilities, and timing must be inte-
grated across departments and sites. Integrating the Health-
care Enterprise (IHE) profiles formalize interoperable radi-
ology workflows (e.g., Scheduled Workflow) by defining
how registration, order communication, acquisition, and
storage should interoperate in clinical practice [4].

Practical limitation: Local organizational variability (dif-
ferent ordering processes, inconsistent patient identifiers,
divergent imaging protocols) can break interoperability even
when standards exist. Mitigation/impact: Establish cross-
site governance for patient identity, procedure catalogs, and
protocol versioning, with end-to-end integration testing; if
unaddressed, the impact is high for multi-site prevention
pathways.

Digital health and the radiology data
ecosystem: from PACS to reusable data

A prevention-grade radiology ecosystem requires more than
a PACS. It requires an architecture where imaging and clini-
cal information are consistently linked and retrievable for
care and secondary uses.

Core components

A typical ecosystem includes:
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e Radiology information system (RIS) for scheduling,
worklists, reporting, and operational tracking

e PACS/VNA for imaging archive continuity and enter-
prise distribution

¢ Diagnostic viewer with quantitative tools and Al integra-
tion points

e Electronic health record (EHR) integration for clinical
context (laboratory, notes, medications, risk factors)

e Digital document repositories for consent, reports, and
structured outputs

¢ Integration layer (standards-based interfaces/APIs)

e Data platforms (warehouse/lake) for analytics, quality
assurance, radiomics pipelines, and Al monitoring

The central role of metadata

In radiology, images without metadata are “incomplete
clinical objects.” Metadata are essential for: (i) comparing
exams over time, (ii) enabling automated quality checks,
(iii) supporting radiomics reproducibility, and (iv) detecting
workflow mismatches (wrong patient, wrong side, incom-
plete protocol). DICOM defines not only image formats, but
related information structures needed for clinical exchange
[1].

Practical limitation: Metadata completeness is frequently
suboptimal—especially when examinations are imported
from external sources, performed in emergency settings, or
stored in systems that do not enforce consistent tagging. Mit-
igation/impact: Enforce minimum metadata capture at inges-
tion, implement protocol naming/versioning, and deploy
automated QC checks; if unaddressed, the impact is high
for longitudinal comparability and quantitative pipelines.

Data governance and data quality are
non-negotiable

Data governance establishes rules for ownership, access,
accountability, retention, and quality. In practice, the most
damaging barrier to Al adoption is not compute capac-
ity but poor data quality: inconsistent procedure naming,
missing indications, wrong laterality, duplicated patients,
or narrative-only reports. Without a structured data-quality
program (metrics, audits, corrective workflows), Al may
simply accelerate the production of erroneous outputs. In
practice, “garbage in, garbage out” remains the main cause
of failure. To move from principles to implementation,
radiology departments benefit from defining a pragmatic
“minimum interoperability dataset” that must be available
and linkable across RIS/PACS/EHR and downstream ana-
lytics environments. This minimum dataset should include
not only identifiers and clinical context but also acquisition
and reconstruction parameters that are essential for quanti-
tative imaging, radiomics reproducibility, and longitudinal

comparability. Table 1 shows a potential radiology-centric
minimum interoperability dataset designed to support Al
integration, registries, and radiomics-ready workflows.

Standards and practical interoperability:
DICOM, HL7, fast healthcare interoperability
resources (FHIR), and integrating healthcare
enterprise (IHE) profiles

DICOM for imaging exchange

DICOM is the international standard that defines formats
for medical images and related information, supporting
exchange with the quality required for clinical use [1]. It is
foundational for imaging interoperability and remains the
backbone for modality-to-archive and archive-to-viewer
communication. Although created in 1985, well ahead of
the introduction of Al in clinical practice, DICOM still rep-
resents a very robust standard.

HL7 FHIR for modern, APIl-centric clinical data
exchange

HL7 FHIR is a widely adopted standard for exchanging
healthcare information electronically, designed with mod-
ern web technologies and API-focused implementations [5].
For radiology, FHIR enables closer linkage between imaging
events and clinical data, supporting downstream decision
support, longitudinal tracking, and cross-system integration.

In practical radiology deployments, FHIR adds value
when used to (i) represent imaging orders and indications
(e.g., as ServiceRequest), (ii) link performed studies to
the clinical episode (e.g., ImagingStudy), and (iii) deliver
reports and key structured findings back to the EHR (e.g.,
DiagnosticReport and coded Observations). For prevention
pathways, this enables longitudinal tracking of follow-up
recommendations and auditable pathway adherence at popu-
lation scale.

A common implementation pattern is to keep DICOM
as the source of truth for imaging objects while using FHIR
resources to orchestrate clinical context, patient/episode
linkage, and retrieval pointers (often via DICOMweb). Key
limitations include profile alignment, terminology binding,
and identifier consistency across systems; these should be
addressed with institutional implementation guides and end-
to-end testing.

Practical limitation: “FHIR availability” does not
automatically ensure meaningful interoperability. Insti-
tutions must still align resource profiles, terminologies,
and identifiers. Additionally, imaging-specific needs may
require careful bridging between DICOM objects and clin-
ical FHIR representations. Mitigation/impact: Establish
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cross-site governance for patient identity, procedure cata-
logs, and protocol versioning, with end-to-end integration
testing; if unaddressed, the impact is high for multi-site
prevention pathways.

IHE workflow profiles: where standards become
operational

IHE integration profiles help to put interoperability in
place by specifying concrete workflow transactions across
systems. For example, Scheduled Workflow integrates
ordering, scheduling, acquisition, storage, retrieval, and
display for radiology exams [4]. While DICOM, HL7
FHIR, and IHE profiles define how information can be
exchanged, operational success depends on aligning what
information is exchanged consistently and completely. In
practice, implementing standards is most effective when
paired with a clearly defined minimum dataset require-
ment across systems, such as the elements summarized
in Table 1.

Practical limitation: Many failures stem from partial
implementation or inconsistent configuration across vendors.
Even when a profile is supported, end-to-end validation and
governance are needed to avoid “standards-compliant but
functionally broken” pipelines. Mitigation/impact: Address
with governance, standardization, and measurable QA pro-
cesses; if unaddressed, the impact ranges from moderate to
high depending on scale.

Semantic infrastructure: procedure names,
terminologies, and structured reporting

Controlled terminology for radiology

RadLex is a comprehensive radiology lexicon intended for
reporting, decision support, registries, data mining, educa-
tion, and research [2]. SNOMED CT provides broad clinical
terminology for consistent representation of clinical con-
tent in electronic health records [3]. These resources sup-
port semantic interoperability by aligning the language of
radiology with the language of clinical systems.

Practical limitation: Terminology adoption requires disci-
pline and tooling. If radiologists and referring clinicians can-
not easily select standardized terms (because systems are not
user-friendly, workflows are rushed or they are not trained
to), semantic drift persists. Mitigation/impact: Define a
minimum semantic rule set (laterality, anatomy, indication),
bind to controlled terminologies, and run periodic semantic
audits; if unaddressed, the impact is high for longitudinal
tracking, Al generalization, and radiomics reproducibility.

Structured reporting as a bridge to computable
imaging

Structured reporting supports consistent data capture and
enables analytics, Al training/monitoring, and prevention
registries. It is particularly valuable in screening pro-
grams, oncology follow-up, and high-impact conditions
where longitudinal comparability is essential.

Practical limitation: Structured reporting often fails
due to perceived time burden or poor integration. To suc-
ceed, structured elements should be embedded naturally
in the reporting environment and provide immediate clini-
cal value (e.g., auto-populated measurements, guideline-
driven follow-up suggestions). Mitigation/impact: Start
with high-impact pathways (screening/surveillance), keep
templates concise, and auto-populate quantitative fields;
if unaddressed, the impact is moderate-to-high because
recommendations and outcomes remain non-computable.

Al and the radiology workflow: from model
accuracy to operational value

Al delivers clinical value in radiology when it is embed-
ded into the routine workflow—worklists, viewers, and
reporting environments—so that it supports decisions
at the right time without adding operational friction. In
this sense, “good” radiology Al is not only accurate; it is
timely, traceable, and actionable.

Workflow-native Al use cases

e A first high-impact use case is worklist triage and prior-
itization, where Al helps surface time-sensitive exami-
nations (e.g., suspected acute findings) to reduce delays
in reporting.

e A second is acquisition and quality control, includ-
ing automated alerts for inadequate coverage, motion
artifacts, or protocol mismatches, which can prevent
downstream diagnostic uncertainty and reduce repeat
scans.

e Third, Al can provide automated quantification—meas-
urements, volumetry, density metrics, or scores—reduc-
ing variability and enabling structured capture of quan-
titative information.

e Fourth, Al can support reporting, for example, by check-
ing completeness, pre-filling standardized elements, or
highlighting inconsistencies between indication, findings,
and conclusions.

e Finally, Al can facilitate longitudinal tracking, identify-
ing prior comparable studies and summarizing interval
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change, which is especially relevant for prevention path-
ways and surveillance programs.

These applications depend on interoperability elements
that are often underestimated: reliable identifiers, consistent
series metadata, protocol versioning, and auditable logging
of inputs and outputs. Without workflow-native integration
(single sign-on, viewer/RIS embedding, clear provenance),
even strong algorithms risk becoming separate “tools” that
are rarely used in daily practice. The minimum dataset items
summarized in Table 1 help ensure that Al results remain
traceable, interpretable, and auditable at scale.

Monitoring, drift, and “real-world performance”

Models can degrade when scanners change, protocols
evolve, populations shift, or new reconstruction techniques
are adopted. Therefore, implementation requires continu-
ous performance surveillance (including error tracking, bias
monitoring, and drift detection) and training.

Practical limitation: Many institutions deploy Al with-
out a sustainable monitoring framework. Without real-world
audit loops, models may remain in use despite silent per-
formance degradation. Mitigation/impact: Implement post-
deployment monitoring (drift indicators, periodic re-vali-
dation, subgroup checks) with ownership and “stop rules”;
if unaddressed, the impact is high due to silent degradation
and safety risk.

Reporting and evidence standards for Al tools

To support trustworthy clinical adoption, Al studies and
implementations should follow robust reporting frameworks.
The CONSORT-AI extension provides reporting guidance
for clinical trials involving Al interventions [6], and SPIRIT-
Al addresses Al-specific needs in trial protocols [7]. For pre-
diction models, TRIPOD + Al expands transparent reporting
recommendations for models using regression or machine
learning methods [8]. These frameworks help ensure that
Al systems are evaluated and communicated in ways that
support reproducibility, interpretability, and responsible
deployment.

Automation and quantitative imaging:
improving precision without adding burden

Automation in radiology is often introduced to manage
increasing volumes, but its most clinically meaningful con-
tribution is the reduction of avoidable variability—differ-
ences driven by workflow, protocol selection, measurements,
and reporting habits rather than by true biology. This is par-
ticularly relevant in prevention-oriented imaging, where the
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goal is to detect subtle changes early and to track them reli-
ably over time.

Where automation improves precision

e A first area is protocol standardization. Automated proto-
col selection and standardized protocol templates, linked
to the clinical indication and pathway, can reduce hetero-
geneity across scanners, sites, and operators, improving
longitudinal comparability. Protocol versioning is equally
important: When acquisition or reconstruction settings
change, documenting those changes allows clinicians and
analytics/Al pipelines to interpret follow-up differences
correctly.

e A second area is measurement consistency and quanti-
tative capture. Automated or semi-automated measure-
ments (e.g., diameters, volumes, density metrics, scores)
can reduce inter-observer variability and transcription
errors, enabling structured recording of quantitative
outputs. The key advantage for prevention is not only a
more repeatable single measurement, but a more reliable
computation of change over time (longitudinal deltas).

e Third, automation supports precision through longitudi-
nal comparison at scale: automated retrieval of relevant
priors, selection of comparable series, and clear pres-
entation of trends reduce the risk of omissions in busy
clinical settings.

¢ Finally, decision support and completeness checks—such
as prompts aligned with pathway recommendations and
verification that key structured fields are present—can
reduce reporting variability and improve computable
reuse.

These benefits depend on upstream standardization: Auto-
mating an inconsistent process can produce outputs that are
consistent but not clinically correct. For this reason, automa-
tion should be implemented alongside protocol governance,
structured data capture, and continuous quality monitoring.

Practical limitation: Automation can fail if upstream
processes are not standardized. Automating inconsistent
workflows can increase rigid errors—precise outputs that
are not clinically correct. Mitigation/impact: Address with
governance, standardization, and measurable QA processes;
if unaddressed, the impact ranges from moderate to high
depending on scale.

Radiomics and prevention: reproducibility
depends on infrastructure

Radiomics aims to extract high-throughput quantitative
features from medical images, but its clinical translation is
limited by reproducibility challenges. The Image Biomarker
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Standardization Initiative (IBSI) provides a standardized
framework for radiomics feature definitions and software
verification, addressing a core barrier to reproducible quan-
titative imaging biomarkers [9].

Importantly, radiomics clinical translation remains frag-
ile: Feature values can shift with reconstruction settings,
scanner upgrades, segmentation variability, and differences
in patient mix. Even within a single institution, achieving
the degree of protocol standardization needed for robust
multi-year longitudinal comparisons can be challenging.
Therefore, expectations should be realistic: Radiomics is
most credible when deployed in narrow-scope, protocol-
governed pathways with transparent validation and ongo-
ing quality control, rather than as a generic “plug-in” across
heterogeneous imaging.

Infrastructure prerequisites for radiomics

e A first prerequisite is harmonized acquisition and recon-
struction, including consistent protocol naming and
explicit protocol versioning across scanners and sites.
Even small changes in slice thickness, reconstruction ker-
nels/algorithms, denoising, or contrast timing can affect
feature values and compromise comparability across time
or centers.

e Second, radiomics requires complete and traceable meta-
data, so that feature extraction can be interpreted, quality-
checked, and—when needed—adjusted for technical dif-
ferences.

e Third, there must be clear standards for segmentation and
annotation, including provenance (who annotated, with
which tool, and which version), because segmentation
variability is a major source of feature instability.

e Fourth, radiomics workflows benefit from validated,
standardized feature definitions and software verification
(e.g., IBSI-aligned pipelines), supporting reproducibility
and facilitating multicenter collaboration.

¢ Finally, radiomics becomes clinically meaningful only
when linked to reliable endpoints and longitudinal out-
comes (follow-up imaging, pathology where applicable,
treatment and clinical events). Without robust outcome
linkage and governance, radiomics remains a technical
exercise rather than a prevention- and decision-support
tool.

In radiomics, reproducibility is highly sensitive to acqui-
sition and reconstruction variability, making metadata com-
pleteness a first-order requirement rather than an optional
technical detail. Several of the most consequential fields
(e.g., slice thickness, reconstruction kernel/algorithm, con-
trast timing, and protocol versioning) are explicitly included
in the minimum interoperability dataset proposed in Table 1,

to support radiomics-ready protocol harmonization and
validation.

Practical limitation: Radiomics pipelines are highly sensi-
tive to technical variability. Without systematic harmoniza-
tion and metadata governance, multicenter generalizability
remains limited despite sophisticated modeling. Mitigation/
impact: Enforce minimum metadata capture at ingestion,
implement protocol naming/versioning, and deploy auto-
mated QC checks; if unaddressed, the impact is high for
longitudinal comparability and quantitative pipelines.

Privacy, security, and trust: making
secondary use sustainable

Prevention and precision initiatives require secure sec-
ondary use of data. Within Europe, policy and regulatory
frameworks emphasize secure data exchange and govern-
ance. The European Health Data Space (EHDS) regulation
entered into force in March 2025 and establishes a transition
toward operational, cross-border health data use with addi-
tional implementing specifications expected over time [10].
At the same time, the European AI Act entered into force
in August 2024, shaping responsibilities for trustworthy Al
deployment in the EU [11]. These policy trajectories rein-
force the need for institutions to treat interoperability as a
security and governance challenge, not only an IT project.

Under the GDPR, pseudonymization can reduce risks and
support data protection, but it is not a universal solution and
does not automatically render data anonymous [12, 13]. For
radiology, privacy risks are amplified in multimodal datasets
(imaging plus detailed clinical and genomic data), where
re-identification risks can increase.

Practical limitation: Secondary use often stalls due to
organizational uncertainty—who authorizes access, how
permissions are audited, and how data are protected across
environments. Trust requires clear governance, transparent
patient communication, and robust technical safeguards.
Mitigation/impact: Establish cross-site governance for
patient identity, procedure catalogs, and protocol version-
ing, with end-to-end integration testing; if unaddressed, the
impact is high for multi-site prevention pathways.

Implementation barriers: why real-world
adoption often fails

Legacy debt and fragmented systems

Many radiology departments operate heterogeneous plat-
forms acquired over years, creating costly, fragile integration

points. Each additional connection introduces maintenance
burden and cybersecurity surface.
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Semantic inconsistency

Differences in naming, labeling, and reporting undermine
the comparability of imaging datasets and degrade Al per-
formance. Table 2 summarizes common implementation
pitfalls and actionable mitigations observed in real-world
radiology deployments. This may help practical implemen-
tation planning.

Hidden costs and sustainability

Beyond procurement, institutions must budget for integra-
tion, storage, compute, security, monitoring, and training.
The return on investment of Al is not automatic; it must be
demonstrated with measurable outcomes (workflow time,
error reduction, pathway adherence, and patient benefit).

Accountability and medico-legal uncertainty

In practice, accountability is distributed across the devel-
oper/vendor (intended use, validation, updates), the health-
care institution (local configuration, governance, training,
monitoring), and the clinician (final decision-making). A
defensible deployment should therefore include clear doc-
umentation of intended use and limitations, versioning of
the Al system and data pipeline, auditable logs of inputs/
outputs, and an incident reporting process with escala-
tion thresholds and “stop rules” if performance degrades.
These elements are particularly important in prevention
pathways, where small systematic errors can propagate at
population scale.

Clinicians remain responsible for decisions supported
by Al. Without clear institutional policies, incident report-
ing mechanisms, and transparency about model limita-
tions, adoption may be delayed due to risk concerns.

Human factors and change management

Even high-performing tools are rejected if they disrupt
workflows or increase cognitive load. Successful imple-
mentation requires training, engagement, and clear dem-
onstration of value.

Potential suggestions for radiology-centric
interoperability

1. Start from measurable clinical and workflow

needs (screening, follow-up, triage, reporting com-
pleteness).

@ Springer

2. Establish a data governance model with explicit owner-
ship, access rules, and audit trails.

3. Implement continuous data-quality programs with met-
rics and corrective workflows.

4. Adopt standards end-to-end: DICOM for imaging
objects, HL7 FHIR for clinical APIs, IHE profiles for
operational workflows.

5. Commit to semantic alignment: controlled terminolo-
gies (RadLex/SNOMED CT), standardized procedure
naming, and structured reporting for high-impact path-
ways.

6. Integrate Al into native workflow tools (worklist/
viewer/RIS), avoiding parallel portals and manual
operations.

7.  Monitor Al post-deployment for drift, bias, and safety;
establish incident management and periodic perfor-
mance reviews.

8. Ensure privacy by design for secondary use, applying
GDPR-aligned safeguards and transparent patient com-
munication.

9. Enable radiomics reproducibility through acquisition
harmonization and IBSI-aligned feature pipelines.

10. Invest in people and change management, building
interdisciplinary teams that include radiologists, tech-
nologists, physicists, IT, clinical engineers, and data
stewards.

Conclusions

Radiology can be a central pillar of prevention and preci-
sion diagnostics, but only if imaging is treated as interoper-
able, high-quality, governable data—rather than as isolated
visual content. Digital infrastructures and interoperability
are the enabling conditions that allow AI and radiomics to
deliver clinical value, reduce variability, and support lon-
gitudinal, population-scale prevention pathways. The most
common implementation failures arise not from insufficient
algorithmic sophistication, but from fragmented ecosystems,
semantic inconsistencies, absent governance, and poor work-
flow integration. By adopting standards in an operationally
meaningful way, investing in semantic and organizational
interoperability, and implementing continuous monitoring
for Al and data quality, radiology departments and networks
can make prevention-oriented innovation scalable, secure,
and trustworthy. The operational ingredients for success help
translate interoperability from an aspirational concept into a
durable clinical capability.
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